"Sex venue-based network analysis to identify HIV prevention dissemination targets for men who have sex with men. " LGBT Health.5,1. 78-85. (2018 Purpose: The aim of this study was to identify sex venue-based networks among men who have sex with men (MSM) to inform HIV preexposure prophylaxis (PrEP) dissemination efforts. Methods: Using a cross-sectional design, we interviewed MSM about the venues where their recent sexual partners were found. Venues were organized into network matrices grouped by condom use and race. We examined network structure, central venues, and network subgroups. Results: Among 49 participants, the median age was 27 years, 49% were Black and 86% reported condomless anal sex (ncAS). Analysis revealed a map of 54 virtual and physical venues with an overlap in the ncAS and with condom anal sex (cAS) venues. In the ncAS network, virtual and physical locations were more interconnected. The ncAS venues reported by Blacks were more diffusely organized than those reported by Whites.
Introduction
O ver 40,000 new HIV infections occur each year in the United States (US). 1 The majority of these new HIV infections occur among men who have sex with men (MSM) and the incidence has risen by 22% from 2005 to 2014 among Black MSM. 2 The increased rates of HIV among Black MSM are due to: high proportions of those who are unaware of their status, infrequent HIV testing, lower rates of viral suppression among those who are HIV positive, structural barriers, same-race partners, high rates of condomless anal sex (ncAS) reported among both HIV-positive and HIV-negative MSM, low HIV serostatus disclosure rates among sexual partners, having known HIV-positive partners, and small and exclusive sexual networks. [3] [4] [5] [6] [7] [8] [9] [10] One in two Black MSM and one in 11 White MSM have a lifetime risk of HIV acquisition. 11 To address these populationspecific rates, HIV prevention programming will need to be culturally and contextually tailored. 7, 12, 13 Preexposure prophylaxis (PrEP), the use of daily antiretrovirals to prevent HIV acquisition, provides the opportunity to lower HIV incidence significantly among populations most at risk. The iPrEX study, which evaluated the effectiveness of emtricitabine/tenofovir in HIV-negative MSM and transgender women, found that individuals who adhered to the drug had a 92% reduced risk of being infected with HIV. 14 With proven safety and efficacy, PrEP is now recommended for at-risk populations, such as MSM. 15, 16 It is estimated that 1,232,000 adults in the United States are at risk for HIV and have indications for PrEP; 492,000 of whom are MSM. 17 However, as of 2015, only 49,148 unique individuals had initiated PrEP, with 74% of those individuals being White (vs. 10% Black). 18 To address the racial disparities in PrEP utilization, more effort is needed to improve knowledge dissemination, linkage to care, and delivery of services for racial and ethnic minorities. 19, 20 Regional implementation of an evidence-based innovation, such as PrEP, among consumers, providers, communities, and organizations can be considered a process that involves defined stages. 21, 22 Aarons et al. describe the four-stage model of implementation progress. 21 The first or exploratory phase of implementation identifies the consumers' or communities' needs. One methodology suggested during this phase is network analysis. 21 Network analysis can identify structural patterns to inform evidence-based implementation. 12 One example of this is mapping out venues where MSM racial subgroups find condomless anal sexual partners, to identify dissemination targets for PrEP awareness programming. 23, 24 Approaching biomedical HIV prevention implementation from a network perspective is not a new concept. The network approach has proven advantageous since HIV transmission occurs in relation to sexual networks. Studies have shown that the characteristics of sexual networks play an important role in predicting HIV risk and can help guide prevention practices. 10, [23] [24] [25] [26] [27] [28] Fundamentally, network analysis provides tools to map social structure, as well as analyze the relationships between objects in that social structure. 29 Several measures provide a useful understanding of how to interpret these constructed networks: density measures the overall interconnectedness of the network; centrality indicates the relative prominence of individual members of the network; diameter provides a measure of how far apart on average members are in the network; and isolates identify those with no links within the identified network. 12, 29 Using these measures on high-risk sexual networks can inform PrEP service delivery planning.
For the purposes of guiding PrEP implementation efforts in St. Louis, Missouri, we employed network analysis as a strategy to identify the overall structure of sex venues as well as specific venues that occupy central positions in the network (i.e., ''hot spots'' for high-risk sexual activity among young adult MSM). Our goal with this network study was to identify network venue type (virtual vs. physical) relationships, structural characteristics of the networks, central locations, and racial differences. We explore the utility of these methods for guiding PrEP implementation strategies.
Methods
We conducted a cross-sectional observational network study among 49 MSM. Study eligibility was self-identified as MSM, age 18-35 years, self-reported race of African American/Black or Caucasian/White, self-reported anal sex within the past 6 months, and the ability to give informed consent. Recruitment occurred among African American/Black and Caucasian/ White MSM so that we could report on networks among Black MSM in comparison to a group of White MSM as a control. The study was conducted from June 2014 to September 2015 in St. Louis. Participants were recruited using flyers placed at designated primary care and HIV specialty clinics, community-based organization facilities and events, clubs, bars, coffee shops, restaurants, bathhouses, websites, and smartphone applications. Both HIV-positive and HIV-negative individuals were included in this analysis to discern the meeting points where both positive and negative individuals were seeking sexual partners.
Participants were given a self-administered written survey. Participants were asked to provide the names of the clubs, bars, websites, smartphone applications, and other places that they used to find or meet with their anal sexual partners in the past 12 months for the following categories: all anal sex encounters, with condom anal sex (cAS), and ncAS. Participants were then asked to list the total number of times they visited these venues in the past 12 months. The names of the venues were then categorized into physical or virtual. Venues that were bars, clubs, coffeehouses, restaurants, or other physical locations were characterized as physical venues. It should be noted that virtual venues and local physical venue names were removed to maintain confidentiality and privacy. Virtual venues were smartphone applications (e.g., Grindr, SCRUFF, Jack'd, Tinder, Manhunt, Adam4Adam), other websites (e.g., Craigslist), and social networking websites (e.g., Facebook and Instagram). No information was gathered about the specific sexual partners of each study participant. The survey assessment included demographics (i.e., age, race, and gender), sexual risk behaviors, recreational drug use, and prior PrEP knowledge and use.
To capture sexual risk behavior, participants were asked to report a history of a diagnosed sexually transmitted infection (STI) (i.e., gonorrhea, chlamydia, or syphilis) in the past 12 months, as well as the number of total anal sex partners in the past 6 months, the number of HIV-positive anal sex partners in the past 6 months, and if they had a ncAS partner in the past 6 months. Participants were also asked if they had ever heard of PrEP before the day of the survey and if they were currently taking PrEP at the time of the survey. Participants were given a $25 grocery card as compensation for their time. All participants provided written informed consent. The Washington University in St. Louis Institutional Review Board approved the study.
Data analyses
Network analyses were performed using the identified list of physical and virtual venues gathered from the written survey and qualitative interview data, along with the sociodemographic data. Data were organized into two-mode affiliation networks. 30 Two-mode affiliation networks here are networks in which participants are linked to the venues they visited. These data were then transposed into one-mode weighted networks of venues where venues are linked together if they shared any common participants (i.e., if one participant goes to venue A and then venue B, the two venues are linked with a tie with a weight of one). Venues were characterized as condomless or with condom based on survey responses. Characterization of venues as either ''Black'' or ''White'' was based on the reported race of the study participant who reported sexual encounters at that venue. Five venue networks were produced: All sex venues, cAS venues, ncAS venues, White ncAS venues, and Black ncAS venues.
Network descriptive statistics were calculated and compared across networks. Network size refers to the total number of venues in each network. Density is the proportion of observed ties to the maximum possible number of ties, and is a measure of interconnectedness. 30 Betweenness centralization is a statistic summarizing the variability of node centrality in the network. 30 
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Networks with high centralization exhibit hierarchical structure, in which some venues have high centrality, whereas most venues have low centrality. Transitivity is the extent to which two connected venues have a connection to a common third venue. Values are on a scale of 0 to 1 with higher numbers suggesting more of a tendency of triadic connections. Assortativity is a measure of the extent to which virtual venues connected with virtual venues and physical venues with physical venues. 30 Values are positive when matching on this characteristic is high, and negative when matching is low. Finally, modularity is the chance-corrected statistic of the presence of cohesive subgroups, with higher scores indicating greater subgroup cohesion. 31 Subgroup analysis was done of the venues related to this study participant's race and condom use. These subgroups in the networks were identified using the walktrap community detection algorithm. 32 All network analyses were conducted using the igraph package version 1.0.1 in R version 3.3.0. 33 
Results
Participants had a median age of 27 years (interquartile range [IQR] 24-30), 51% were White, 49% were Black, 61% did not graduate college, and 88% were HIV negative. The median number of total anal sex partners in the past 6 months was four (IQR 2-7), and 86% reported having had ncAS in the past 6 months ( Table 1) . Thirty-three percent (16/49) reported having had an HIV-positive anal sex partner in the past 6 months. Fifty-two percent (25/48) of the study population reported recreational drug use within the past 6 months and 19% (9/48) reported having been diagnosed with a STI in the past 12 months. Marijuana was the most commonly reported recreational drug used (crack/cocaine, methamphetamines, and ecstasy were also reported) and there was no intravenous drug use reported among participants. Eighty-six percent of participants (42/49) had ever heard of PrEP and 13% (6/45) were taking PrEP at the time of the survey (Table 1) .
MSM reported a total of 54 different physical or virtual venues where they met anal sex partners in the past 12 months (35% were physical and 65% were virtual). The most frequent venue reported was Digital Venue A (53%), a smartphone application. Study participants reported the following top three physical venues: (1) Club A (22%), (2) Club B (16%), and (3) Bar A (16%). Thirty-four (63%) venues were categorized as ncAS; the top three ncAS venues reported were: (1) Digital Venue A, (2) Digital Venue B, and (3) Club A. Figure 1 shows the overlap between venues reported by MSM study participants who used condoms, and venues where participants did not use condoms. Figure 1 also reveals the overlap between venues grouped by race. Eighteen venues overlapped between cAS and ncAS and 10 venues overlapped among Blacks and Whites. The top three ncAS venues reported by Blacks were: (1) Digital Venue B, (2) Digital Venue A, and (3) Club B, whereas the top three ncAS venues reported by Whites were: (1) Digital Venue A, (2) Club A, and (3) Digital Venue C. The structure of venue networks showed a diversity of interconnected physical and virtual locations. Within these graphs, central locations and subgroups can be visually identified as centrally positioned nodes and densely clustered groups, respectively (Fig. 2) . These visual patterns are corroborated by the quantitative characteristics of the venue networks displayed in Table 2 . The cAS and ncAS venue networks had similar global structural statistics in terms of centralization (0.16, 0.18) and density (0.20, 0.24). However, the cAS venue network had higher assortativity (0.15) and modularity (0.28), suggesting that virtual venues were more likely to be linked to other virtual venues and physical venues with physical venues. The result is a network with more internally homogenous communities. Finally, the White ncAS venue network was more dense (0.41) and centralized (0.28) compared with the Black ncAS venue network (density = 0.25, centralization = 0.15), which can be seen in the visualization as well (Fig. 3) . In the diagram, the nodes are sized according to the number of ties received, known as degree. It is apparent that the Black ncAS was more diffusely organized with less central targets than the White ncAS network.
Central venues for seeking anal sex differed across the networks. For the ncAS and cAS networks, four out of the top five more central venues were virtual, with two in common (Digital Venues A and B). The ncAS had three virtual venues in the top five venues with less difference in the centrality across the five. The White ncAS had two virtual venues (Digital Venues A and D, a smartphone application and a social networking website, respectively) in the top five as highlighted in Figure 3 . The Black ncAS had two virtual venues (Digital Venues A and B, two smartphone applications) in the top five (Fig. 3) . One virtual venue (Digital Venue A) was in the top five of all networks. The central venues in the network represent important targets for implementation and dissemination efforts. Because of the less centralized structure of the Black condomless network, an approach targeting the subgroup communities may be needed in addition to the focus on central locations.
Discussion
This study was among the first to use network analysis to evaluate at-risk populations to inform PrEP implementation as effective locations to reach those within the sex venue networks, including one virtual venue that was present in the top five of all the networks analyzed. These network structures suggest differing strategies for optimal PrEP implementation among MSM in St. Louis. First, central venues were identified that were key components of the network. Outreach using these venues to perform HIV testing, PrEP and other HIV prevention education, and linkage to care can strengthen steps along the PrEP care continuum for the local area. 34, 35 Second, reaching Black MSM may require engaging different venues than White MSM. We found that Digital Venue B was a central component of the ncAS network among Black MSM that may represent an ideal venue for PrEP implementation efforts. Third, there may be separate networks and venues where MSM meet partners with whom they engage in ncAS or cAS. Priority for PrEP awareness and linkage-to-care initiatives should be given to venues associated with ncAS.
We-authors affiliated with an academic PrEP clinical program-aim to collaborate with local community-based organizations and health department officials, through PrEPspecific forums that exist at the state and local levels, to disseminate study findings and to intensify HIV testing efforts at the specific locations identified in this analysis. Some of the physical venues identified in the study are known (i.e., bars and clubs), but some may be newly discovered ''hotspots,'' such as a skate rink and a few park locations. Disseminating a list of identified locations to community HIV prevention partners can hopefully lead to efforts to include these venues within current prevention programs. However, it is much clearer that more resources should focus on incorporating smartphone application companies into PrEP programming. HIV testing at the locations mentioned will also be coordinated with PrEP care referrals through the provider networks established in St. Louis, with the addition of insurance navigation as needed. 36, 37 We have demonstrated linkage to PrEP care, in St. Louis, through the use of smartphone applications for HIV testing and PrEP education by local organizations. 38 We aim to intensify PrEP awareness campaigning efforts on the central virtual venues (i.e., smartphone applications) identified. New and dedicated HIV testing and PrEP awareness outreach efforts will need to be established for the venues identified that do not have communication with any ''hotspots'' (isolates within the venue network), such as the skate rink.
St. Louis's HIV incidence is highest among Black MSM and mirrors the national epidemic.
1,2 Effective culturally tailored interventions will need to be developed and implemented to curb the epidemic in this population. The HIV Prevention Trials Network 073 demonstrated high oral PrEP uptake and adherence, as well as lower HIV incidence among at-risk Black MSM who were offered and accepted PrEP, which was in combination with theory-based counseling that promoted and supported PrEP use. 19 Studies that define and identify racial and at-risk networks in local areas can complement such research trials to provide insight on how to reach these populations to offer evidence-based interventions.
Moreover, previous work has demonstrated that there may be significant differences in PrEP use among Black MSM compared with White MSM. 18, 39 In our study, the Black ncAS MSM venue network was more diffuse compared with the White ncAS MSM venue network. This translates into more locations that need to be targeted to reach Black MSM for PrEP implementation efforts. These results support the findings by Tieu et al. who reported small elusive sexual networks among Black HIV-negative MSM. 10 The authors studied 1349 community-recruited MSM as part of the HIV Prevention Trials Network 061. The study demonstrated that sexual risk was associated with a larger network size. In another study, among HIV-positive Black MSM in Jackson, Mississippi, Oster et al. also reported a high degree of connectedness through a small number of venues for meeting partners. 24 Network analysis proved beneficial in identifying PrEP awareness dissemination targets among MSM in this study. In St. Louis, the use of online-based HIV prevention messaging is likely the best approach to engage MSM and has been found to be acceptable. 40 Reaching out to these platforms and creating regional PrEP messaging campaigns would likely be time efficient for public health officials. 41 In addition, such campaigns can potentially bolster ongoing local prevention efforts, such as HIV testing, risk reduction counseling, and condom promotion and distribution. We found that physical venues hypothesized to play a central role in where sexual encounters occur in St. Louis, such as the bathhouse, were not present in the analysis, whereas new locations emerged (i.e., skating rink).
We promote the use of network analysis early in public health planning to optimize PrEP implementation. With many applications for HIV prevention, network analysis was used mainly as a tool to study HIV, STI, and other communicable disease transmission and has since evolved into an approach for developing and implementing health interventions for incidence reduction. 10, [23] [24] [25] [26] [27] [28] 42, 43 Network methodologies have the potential to improve the efficiency of PrEP programmatic interventions to have the most impact on the HIV epidemic. The Centers for Disease Control and Prevention has made it a top priority to increase PrEP awareness and access for Black and Latino MSM with over $216 million allocated to 90 community-based organizations in 50 geographic areas, with high HIV prevalence and incidence, within 26 states in 2015 (PS15-1502: Comprehensive High-Impact HIV Prevention Projects for Community-Based Organizations). 44 Network analysis does not require time-intensive data collection and this would be an opportune time to incorporate this underutilized methodology to map out potential information transmission networks early in the programmatic process. 12 Network analysis can identify community opinion leaders and/or venues to maximize efforts, whether it be identifying a central node for at-risk behavior venues or where the most people could be reached with minimal effort or both.
This study has the limitations of a small sample size, social desirability and recall biases with self-reported sexual risk behaviors and serostatus, and selection bias from the areas recruited. However, recruitment was from a wide array of physical and virtual locations known to be used by the local MSM population. Given that the majority of recruited participants were at risk for HIV, based on their reported sexual risk behavior and HIV-negative serostatus, our findings have implications for PrEP programming geared toward the population sampled.
Future local studies can expand on this venue-based network analysis and see how individuals are linked to each other in terms of sexual transmission of HIV/STIs using phylogenetic studies, social network formation, and brokers in communication networks for information diffusion. 45 A larger study would
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reveal a more extensive list of venues and could potentially identify hidden networks among each racial group.
Conclusion
This study demonstrates the use of network analysis in the armamentarium of methodologies to guide public health biomedical HIV prevention implementation. The technique may aid efficient PrEP outreach to facilitate the application of evidence-based interventions that promote and maintain PrEP use with the hopes of halting HIV transmission among at-risk sexual networks.
